-h-k-k-k-k-k-k-k-k-k-k-k-k STN Columbus 

FILE 'HOME' ENTERED AT 17:12:24 ON 30 MAY 2001 

=> file medline biosis biotechno 

COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

FILE 'MEDLINE' ENTERED AT 17:12:35 ON 30 MAY 2001 

FILE 'BIOSIS' ENTERED AT 17:12:35 ON 30 MAY 2001 
COPYRIGHT (C) 2001 BIOSIS (R) 

FILE 'BIOTECHNO' ENTERED AT 17:12:35 ON 30 MAY 2001 

COPYRIGHT (C) 2001 Elsevier Science B.V., TVmsterdam. All rights reserved. 

=> s bacteriorhodopsin 

LI 6392 BACTERIORHODOPSIN 

=> s 11 and (fusion or chimer?) 

L2 116 LI AND (FUSION OR CHIMER?) 

=> dup rem 12 

PROCESSING COMPLETED FOR L2 

L3 63 DUP REM L2 (53 DUPLICATES REMOVED) 

=> s 13 and py <1999 

2 FILES SEARCHED. . . 
L4 49 L3 AND PY <1999 

s 11 and fused 

L5 52 LI AND FUSED 

=> s 15 not 12 

L6 23 L5 NOT L2 

=> dup rem 16 

PROCESSING COMPLETED FOR L6 

L7 12 DUP REM L6 (11 DUPLICATES REMOVED) 

=> s 17 or 14 

L8 61 L7 OR L4 

=> d ibib abs 1-61 

L8 ANSWER 1 OF 61 MEDLINE 

ACCESSION NUMBER: 1999196667 MEDLINE 

DOCUMENT NUMBER: 99196667 PubMed ID: 10094768 

TITLE: Extraction method for analysis of detergent-solubili zed 

bacteriorhodopsin and hydrophobic peptides by 
electrospray ionization mass spectrometry. 



SINCE FILE TOTAL 
ENTRY SESSION 
0.15 0.15 



AUTHOR: Bar 
CORPORATE SOURCE: Dep 



e D R; Dratz E A; Jesaitis 
ent of Chemistry and Biochenii 
108 Gaines Hall , Bozeman, 



■ .fir- 



unner J 
Montana 



'4: 



state 
ontana 58717-3520, 



CONTRACT NUMBER: 



SOURCE: 

PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



University, 
USA. 

AI22735 (NIAID) 
AI26711 (NIAID) 
EY06913 (NEI) 

ANALYTICAL BIOCHEMISTRY, (1999 Apr 10) 269 (1) 1-9. 
Journal code: 4NK; 0370535. ISSN: 0003-2697. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199905 

Entered STN: 19990614 
Last Updated on STN: 19990614 
Entered Medline: 19990528 
The analysis of integral membrane proteins or transmembrane peptides by 
electrospray ionization mass spectrometry (ESI-MS) is difficult since 
detergents, used to solubilize these hydrophobic proteins and peptides, 
severely suppress analyte ion formation. This problem has been addressed 
previously by precipitating the protein, removing the detergent, and 
resolubilizing the protein in a nonpolar solvent. Here, we demonstrate a 
method that avoids protein precipitation and resolubilization . 
Detergent-solubilized bacteriorhodopsin is extracted into a 
nonpolar solvent phase by adding a chlorof orm/methanol/water solvent 
mixture to the aqueous detergent solution. ESI mass spectra of the 
nonpolar, chloroform-rich phase were dominated by peaks due to 
bacterioopsin . Bacterioopsin precursors with partially cleaved leader 
sequences were seen in all mass spectra. Additional peaks were likely due 
to intact bacteriorhodopsin, i.e., bacterioopsin with the 
retinal prosthetic group attached, and to bacterioopsin associated with 
lipid molecules. A separation process that occurred in the fused 
-silica capillary leading to the electrospray tip was essential for 
obtaining ESI mass spectra of bacterioopsin. The extraction-into- 
chloroform procedure also worked well with hydrophobic, 
transmembrane -type 

peptides that were insoluble in other electrospray solvents, including 
100% formic acid, and the method has application to transmembrane 
peptides 

formed from digests of integral membrane proteins. 
Copyright 1999 Academic Press. 
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Functional expression of green fluorescent protein 
derivatives in Halobacterium salinarum. 
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Biomolecular Engineering Research Institute, Osaka, 



(1998 Oct 15) 167 (2) 



FEMS MICROBIOLOGY LETTERS, 
287-93. 

Journal code: FML; 7705721. ISSN: 0378-1097, 
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Journal; Article; (JOURNAL ARTICLE) 
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We investigated the applicability of the green fluorescent protein (GFP) 
of Aequorea victoria as a reporter for gene expression in an extremely 
halophilic organism: Halobacterium salinarum. Two recombinant GFPs were 
fused with bacteriorhodopsin, a typical membrane protein of H. 
salinarum. These fusion proteins preserved the intrinsic 
functions of each component, bacteriorhodopsin and GFP, were 
expressed in H. salinarum under conditions with an extremely high salt 
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concentration, and^^re proved to be properly locali^fcl in its plasma 
membrane. These rel^Pts suggest that GFP could be ui^B as a versatile 
reporter of gene expression in H. salinarum for investigations of various 
halophilic membrane proteins, such as sensory rhodopsin or 
phoborhodopsin . 
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Graduate School of Science, Nagoya University, Nagoya, 
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When the two-dimensional crystal of bacteriorhodopsin (bR) , 
purple membrane, is incubated at high temperature (32 degreesC) with a 
small amount of the neutral detergent octylthioglucoside in the presence 
of the precipitant ammonium sulfate, a large fraction of the membrane 
fragments is converted into spherical vesicles with a diameter of 50 nm, 
which are able to assemble into optically isotropic hexagonal crystals 
when the precipitant concentration is increased. The vesicularization of 
purple membrane takes place under such a condition that the miscibility 
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the detergent to the aqueous phase becomes very low, and we suggest that 
it is initiated by insertion of the detergent molecules into the 
membrane . 

At low temperature, the transformation into the vesicular structure is 
inhibited and no large crystal is produced directly from 
membrane/detergent /precipitant mixtures. When a suspension of the 
spherical vesicles produced at the high temperature is cooled and 
concentrated below 15 degreesC, however, a birefringent hexagonal crystal 
is produced that diffracts X-rays beyond 2.5 A resolution. This new 
crystal belongs to the space group P622 with unit cell dimensions of 
a=b=104.7 A and c=114.1 A, and it is shown to be made up of stacked 
planar 

membranes, in each of which the bR trimers are arranged on a honeycomb 
lattice and the space among the proteins is filled with the detergent 
molecules and native lipids. These stacked membranes are suggested to be 
produced by successive fusion of the spherical vesicles. This 
implies that the crystallization is achieved without any step for 
complete 

solubilization of the protein. The present result offers a unique 
crystallizat ion method that may be applicable to such membrane proteins 
that are liable to denature in the presence of an excess amount of 
detergent . 

Copyright 1998 Academic Press. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
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Entered STN: 19980226 
Last Updated on STN: 19980226 
Entered Medline: 19980213 
Pharaonis phoborhodopsin, the photoreceptor of the negative phototaxis of 
archaebacterial Natronobacterium pharaonis, was functionally expressed in 
the heterologous system of Escherichia coli. Flash-photolysis on a 
millisecond time scale indicated that the photochemical properties of ppR 
expressed in E. coli were the same as those of the native ppR in N. 
pharaonis. We concluded that the integral membrane protein ppR is 
correctly folded in vivo in the eubacterial E. coli membrane. 
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Hydrophobic peptide mapping of clinically relevant 
heptathelical membrane proteins by capillary 
electrophoresis . 
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SOURCE: ELECTROPHORESIS, (1997 Sep) 18 (10) 1767-74. 

Journal code: ELE; 8204476. ISSN: 0173-0835. 
GERMANY: Germany, Federal Republic of 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
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Entered STN; 19980224 
Last Updated on STN: 19980224 
Entered Medline: 19980206 
The structural investigation of G protein-coupled receptors has been 
hindered by the lack of techniques to effectively resolve the hydrophobic 
peptides obtained by chemical or proteolytic cleavage, as well as the 
minute amounts of protein typically isolated. We have developed a 
capillary electrophoresis method for efficient separation of hydrophobic 
peptides using a cyanogen bromide digest of bacteriorhodopsin as 
a model for these clinically important membrane proteins. This procedure 
includes (i) solubilization of the protein digest in acetic acid; and 

electrophoresis using an acetic acid-based buffer system augmented by 
acetonitrile and hexane sulfonic acid, in a Polybrene-coated fused 
silica capillary. The potential for detection sensitivity to be increased 
at least 100-fold by use of on-line solid-phase extraction on C18-silica 
is shown. This approach is potentially useful for peptide fingerprinting 
of sparse and extremely hydrophobic membrane receptors. 
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Entered STN: 19970813 
Last Updated on STN: 19970813 
Entered Medline: 19970806 
Methods of constructing proteins were examined with special reference to 
the molecular assembly using photosynthetic RCs as membrane proteins. 
Molecular assemblies at the interfaces were studied by LB films, 
adsorption to the surface and reconstitution into liposomes and bilayer 
lipid membranes. The applications of biological specific ligands 
(recognition and binding), combinatorial chemical method, 2-D and 3-D 
order array assemblies and modification of protein molecules to make 
fusion proteins, as well as physical methods of manipulation of 
molecules by AFM tips and electric fields were reviewed. 
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Expression of beta 2-adrenoceptors in halobacteria . 
Sohlemann P; Soppa J; Oesterhelt D; Lohse M J 
Institute for Pharmacology and Toxicology, University of 
Wurzburg, Germany. 

NAUNYN-SCHMIEDEBERGS ARCHIVES OF PHARMACOLOGY, (1997 
Feb) 355 (2) 150-60. 

Journal code: NTQ; 0326264. ISSN: 0028-1298. 
GERMANY: Germany, Federal Republic of 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199705 

Entered STN: 19970609 
Last Updated on STN: 19970609 
Entered Medline: 19970527 
Halobacteria are halophilic representatives of the recently defined 
domain, the Archaea. Halobacterium salinarium belongs to this group of 
microorganisms and contains large amounts of bacteriorhodopsin 
in its membrane. Bacteriorhodopsin is a seven-transmembrane 
protein that consists of bacterio-opsin (BO) , and the chromophore 
retinal, 

which is covalently attached to BO. We have investigated whether the 
expression machinery for 80 can be utilized for synthesis of the human 
beta 2-adrenoceptor (beta 2-AR) , a protein with a similar 

seven-transmembrane-helix topology. An expression vector for BO synthesis 
was modified to express beta 2-ARs under the control of BO regulatory 
elements in H. salinarium. Homologous recombination into the genome was 
verified by polymerase chain reactions. Northern blots revealed 
transcripts of the calculated size and significant amounts of 
epitope-tagged beta 2-ARs were detected in Western blots. However, 
binding 

of the beta-AR antagonist 1251-cyanopindolol revealed low levels of 
functional receptors, and the ligand binding properties of these 
receptors 

were altered when compared to native receptors. Expression of 
chimeras containing larger amino terminal portions of BO did not 
result in higher receptor levels. Expression of beta 2-AR in Haloferax 
volcanii, another member of halobacteria, was achieved with a vector 
carrying the ferredoxin promoter. The levels of functional receptor as 
determined by 1251-cyanopindolol binding were 180 fmol/mg protein. The 
beta-AR ligands isoprenaline and propranolol showed affinities expected 
for functional beta 2-ARs. Thus, functional human beta 2-ARs were 
expressed in halobacteria, constituting a first approach for expression 



of 



a eukaryotic protein in the domain of Archaea. 
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Deletion mapping of the sites on the Htrl transducer for 
sensory rhodopsin I interaction. 
Perazzona B; Spudich E N; Spudich J L 
Department of Microbiology and Molecular Genetics, 
University of Texas-Houston Health Science Center 77030, 
USA. 

R01-GM27750 (NIGMS) 

JOURNAL OF BACTERIOLOGY, (1996 Nov) 17 8 (22) 
6475-8. 

Journal code: HH3; 2985120R. ISSN: 0021-9193. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199701 

Entered STN: 19970128 
Last Updated on STN: 19970128 
Entered Medline: 19970107 
The phototaxis receptor sensory rhodopsin I (SRI) 
through a membrane-bound transducer protein, Htrl. 
receptor and transducer, sopi and htrl, respectively, are normally 
cotranscribed; however, previous work has established that fully 
functional interacting proteins are produced when htrl is expressed from 
the chromosome and sopI is expressed from a different promoter on a 
plasmid. In this report we show that in the membrane, concentrations of 
SRI from plasmid expression of wild-type sopI are negligible in the 
absence of Htrl protein in the cell. This requirement for Htrl is 
eliminated when sopI is extended at the 5 '-end with 63 nucleotides of the 
bop gene, which encodes the N-terminal signal sequence of the 
bacteriorhodopsin protein. The signal is cleaved from the 
chimeric protein, and processed SRI is stable in the Htrl-free 
membrane. These results suggest a chaperone-like function for Htrl that 
facilitates membrane insertion or proper folding of the SRI protein. Six 
deletion constructs of Htrl were examined to localize the interaction 
sites for its putative chaperone function and for Htrl control of the SRI 
photocycle, a phenomenon described previously. The smallest Htrl fragment 
identified, which contained interaction sites for both SRI stability and 
photocycle control, consisted of the N-terminal 147 residues of the 
536-residue Htrl protein. The active fragment is predicted to contain two 
transmembrane helices and the first approximately 20% of the cytoplasmic 
portion of the protein. 
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Overexpression of bacterio-opsin in Escherichia coli as a 
water-soluble fusion to maltose binding protein: 
efficient regeneration of the fusion protein and. 
selective cleavage with trypsin. 
Chen G Q; Gouaux J E 

Department of Biochemistry and Molecular Biology, 
University of Chicago, Illinois 60637, USA. 
PROTEIN SCIENCE, (1996 Mar) 5 (3) 456-67. 
Journal code: BNW; 9211750. ISSN: 0961-8368. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
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Entered STN: 19970313 

Last Updated on STN: 19970313 

Entered Medline: 19970304 

in (bR) is a light-driven proton pump from 
alinarium and is a model system for studying membrane 
stability, function, and structure. bR is composed of 



bacterio-opsin {bO)J^^he 248-amino acid apo protein, all-trans 
retinal, which is l^^ed to lysine 216 via a protona^PI Schiff base. A bO 
gene (sbOd) possessing 29 unique restriction sites and a 
carboxyl- terminal 

purification epitope (1D4, nine amino acids) has been designed and 
synthesized. Overexpression of bO was achieved by fusion to the 
carboxyl terminus of maltose binding protein (MBP) , The expressed 
fusion protein (MBP-sbO- 1D4 ) formed inclusion bodies in 
Escherichia coli and, following solubilization with urea and removal of 
the urea by dialysis, approximately 170 mg of approximately 75% pure 
MBP-sbO-lD4 was obtained from 1 L of culture. MBP-sbO-lD4 formed high 
molecular weight (> or = 2,000 kDa) oligomers that were water-soluble. 

The 

synthetic bO with the 1D4 tag (sbO-lD4) was separated from MBP by trypsin 
cleavage at the factor Xa site between the MBP and sbO-lD4 domains. 
Selective trypsin cleavage at the factor Xa site, instead of at the 14 
other potential trypsin sites within bO, was accomplished by optimization 
of the digestion conditions. Both MBP-sbO-lD4 and sbO-lD4 were 
regenerated 

with all-trans retinal and purified to homogeneity. In general, 6-10 mg 

of 

sbR-lD4 and 52 mg of MBP-sbR-lD4 were obtained from 1 L of cell culture. 
No significant differences in terms of UV/vis light absorbance, 
light /dark 

adaptation, and photocycle properties were observed among sbR-lD4, 
MBP-sbR-lD4, and bR from H. salinarium. 
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AB We have used Ni ( 2+ ) -affinity chromatography as a rapid and efficient 

method to purify a sensory rhodopsin I (SR-I) derivative containing six 
consecutive histidine residues at its C-terminus (His-tagged SR-I) . The 
protein was expressed in Halobacterium salinarium by integrating the 
corresponding gene at the chromosomal bacterioopsin locus under the 
control of the bacterioopsin promoter. His-tagged SR-I retains native 



SR-I 



photochemical reactions in purified membranes and phototaxis signaling 
function in vivo. Immobilized Ni (2+ ) -affinity chromatography of membranes 
solubilized in 1% layryl maltoside provides a single-step purification of 
the protein to electrophoretic homogeneity (> or = 90% pure) . The 
procedure yields 1 . 7 mg pure photoactive protein/liter of culture (60% 
efficiency) . This yield combined with engineered overproduction of the 
protein provides at least 120-fold greater amounts than that of a 
previously reported multistep purification procedure, permitting 
structural and biochemical analysis previously not feasible. The purified 
protein in lauryl maltoside at pH 5.3 exhibits a visible absorption 
maximum at 587 nm characteristic of SR-I. Spectrometric titration reveals 
an alkaline-induced species at 550 nm previously observed with 
transducer-free SR-I in native membranes. A previously unreported 



structured absorpt;|^^ band at 400 nm, consis 

Schiff base, forms^Kth the same pKa as the 
SR-I reconstituted into phosphatidylglycerol 
properties of transducer-free SR-I in native 
absorption difference spectrum is identical, 
cycle kinetics show a similar pH dependence, 
550-nm species under alkaline conditions. Th 
His-tagged SR-I reconstituted in proteolipos 
analyzing 

SR-I interaction with its transducer protein 



tent wi^^a deprotonated 
550-nm sPecies. His-tagged 
proteoliposomes retains 
membranes: its flash-induced 
its photochemical reaction 
and it forms a photoactive 
ese results indicate 
omes is suitable for 

in vitro. 
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Mutational analysis and molecular modeling of the 
nonapeptide hormone binding domains of the [Arg8 ] vasotocin 
receptor . 

Hausmann H; Richters A; Kreienkamp H J; Meyerhof W; Mattes 
H; Lederis K; Zwiers H; Richter D 

Institut fur Zellbiochemie und klinische Neurobiologie, 
Universitat Hamburg, Germany. 

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 
UNITED STATES OF AMERICA, (1996 Jul 9) 93 (14) 
6907-12. 
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To identify determinants that form nonapeptide hormone binding domains of 
the white sucker Catostomus commersoni [Arg8 ] vasotocin receptor, 
chimeric constructs encoding parts of the vasotocin receptor and 
parts of the isotocin receptor have been analyzed by [ ( 3 , 5-3H) Tyr2 , 
ArgB] vasotocin binding to membranes of human embryonic kidney cells 
previously transfected with the different cDNA constructs and by 
functional expression studies in Xenopus laevis oocytes injected with 
mutant cRNAs . The results indicate that the N terminus and a region 
spanning the second extracellular loop and its flanking transmembrane 
segments, which contains a number of amino acid residues that are 
conserved throughout the nonapeptide receptor family', contribute to the 
affinity of the receptor for its ligand. Nonapeptide selectivity, 
however, 

is mainly defined by transmembrane region VI and the third extracellular 
loop. These results are complemented by a molecular model of the 
vasotocin 

receptor obtained by aligning its sequence with those of other G-protein 
coupled receptors) as well as that of bacteriorhodopsin . The 
model indicates that amino acid residues of transmembrane regions II-VII 
that are located close to the extracellular surface also contribute to 
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AB Much of the research on integral membrane proteins mirrors that on 
soluble 

proteins; however membrane protein engineering also has its own ends and 
means, many of which take advantage of the peculiar situation of membrane 
proteins, whose chains are distributed between one lipidic and two 
aqueous 

phases. Extramembrane loops have been shortened, cut, or elongated with 
segments forming proteolytic cleavage sites, foreign epitopes, extra 
transmembrane segments, or even whole proteins , with the aim of 
facilitating purification, biochemical/biophysical studies, or 
crystallogenesis . Transmembrane alpha-helices have been deleted, 
duplicated, exchanged, transported into a foreign context or replaced 

with 

synthetic peptides, in order to both understand their integration into, 
and assembly in, the membrane and unravel their functional role. 
Insertion 

of cysteine residues has been the basis for a great diversity of 
experiments, ranging from the exploration of secondary, tertiary and 
quaternary structures of the transmembrane region to the creation of 
anchoring points for reporter molecules. Chemical engineering--the 
synthesis of protein fragments or even of whole proteins--of f ers 
particularly exciting new prospects, given the small size of folding 
domains in alpha-helical membrane proteins. Membrane protein engineering 
is rapidly developing its own agenda of questions and tool chest of 
techniques , 
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Use of antibody fragments (Fv) in immunocytochemistry . 
Kleymann G; Ostermeier C; Heitmann K; Haase W; Michel H 
Max-Planck-Institut Fur Biophysik, TUDteilung Molekulare 
Membranbiologie, Frankfurt, Germany. 
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novel antibody fragment (Fv) technique for localization 



43 



binds 



tag 



determination of the surface topology of membrane protein complexes by 
immunogold electron microscopy. Several hybridoma cell lines producing 
murine monoclonal antibodies (MAbs) raised against bacterial membrane 
proteins were established. The cDNAs coding for the variable domains of 
the MAbs were cloned and expressed in Escherichia coli. The engineered Fv 
fragments served as trif unctional adapter molecules. The Fv fragment 

to the epitope of the membrane protein. The Strep tag fused to 
the VH chain was used for one-step affinity purification of the Fv 
fragments. Immunological detection of the membrane protein-bound Fv 
fragments in electron microscopy was accomplished either via the Strep 



with colloidal gold-labeled streptavidin or via the c-myc tag, which was 
fused to the VL chain, in combination with the c-myc tag-specific 
antibody 9E10 and a colloidal gold-labeled secondary antibody. We 
examined 

four Fv fragments directed against the cytochrome c oxidase or the 



ubiquinol-cytochro^^c oxidoreductase of Paracoccu^^^nitrif icans and 
bacteriorhodopsin ^^Halobacterium halobium to show^Rat this 
method is generally applicable. In all cases the Fv fragments showed the 
same results as their corresponding parent antibodies in electron 
microscopic immunostaining and other applications. 
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The light-driven proton pump bacteriorhodopsin (bR) from 

Halobacterium salinarium has been genetically transferred into the inner 
mitochondrial membrane (IM) of the eukaryotic cell Schizosaccharomyces 
pombe, where the archaebacterial proton pump replaces or increases the 
proton gradient usually formed by the respiratory chain. For targeting 

integration, as well as for the correct orientation of bR in the IM, the 
bacterioopsin gene (bop) was fused to signal sequences of IM 
proteins. Northern and Western blot analysis proved that all hybrid gene 
constructs containing the bop gene and a mitochondrial signal sequence 
were expressed and processed to mature bR. Fast transient absorption 
spectroscopy showed photocycle activity of bR integrated in the IM by 
formation of the M intermediate. Experiments with the pH-sensitive 
fluorescence dye 2 * , 7 * -bis ( 2-carboxyethyl ) -5 (and -6 ) -carboxyf luorescein 
revealed bR-mediated proton pumping from the mitochondrial matrix into 

intermembrane space. Glucose uptake measurements under anaerobic 
conditions showed that yeast cells containing photoactive mitochondria 
need less sugar under illumination. In summary, our experiments 
demonstrate the functional genetic transfer of a light energy converter 

a naturally nonphotoactive eukaryotic organism. 
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A C-terminal truncation results in high-level expression 



the functional photoreceptor sensory rhodopsin I in the 
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AB Expression of the gene encoding the halobacterial photoreceptor sensory 
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the 



rhodopsin I (SRI),J^^I, was studied by means of ho^^ogous gene 
targeting. A sopI-^BR.obacterium salinarium mutant ^wain was constructed 
by homologous replacement of sopi with a novobiocin-resistant gyrB from 
Haloferax Aa 2.2. Cells bearing gyrB were resistant to novobiocin, 
indicating that the Haloferax gene is functional in H. salinarium. 
Complementation of this deletion strain with sopI fused to the 
bacterio-opsin promoter resulted in the recovery of all phenotypical 
attributes of SRI. This establishes the first direct correlation between 
sopI and the function of its gene product. In the complemented deletion 
strain, functional expression of sopI occurred from the bop locus, where 
sopI had integrated by homologous recombination. This shows that 
cotranscription of sopI and the gene encoding the SRI signal transducer, 
htrl, which is found in the wild type, is not a prerequisite for 
photosensory activity. Deletion of the last 43 bp at the 3* end of sopI 
resulted in a 10-fold increase in the amount of SRI, without affecting 

activity of the pigment. The mRNA level of the truncated gene was not 
affected as compared to that of the wild type. We propose that regulation 
occurs at the protein level, probably through a negative determinant of 
protein stability located in the C-terminus of SRI. Replacement of the 
last 28 amino acids of bacteriorhodopsin by the last 29 amino 
acids of SRI results in a decrease of the bacteriorhodopsin, 
supporting our observations . The C-terminus of SRI is the first domain 
with a downregulating influence on protein levels thus far identified in 
H. salinarium. The system for SRI overexpression we present here greatly 
facilitates biochemical and biophysical studies on the photoreceptor and 
allows investigation of the molecular interactions underlying the signal 
transduction chain of halobacterial phototaxis. 
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AB Molecular modeling and protein engineering techniques have been used to 
study residues within G-protein-coupled receptors that are potentially 
important to ligand binding and selectivity. In this study, Tyr-129 
located in transmembrane domain 2 of the human endothelin (ET) type A 
receptor A (hETA) was targeted on the basis of differences between the 
hETA and type B receptor (hETB) sequences and the position of the residue 
on ET receptor models built using the coordinates of 
bacteriorhodopsin. Replacement of Tyr-129 of hETA by alanine, 
glutamine, asparagine, histidine, lysine, serine, or phenylalanine 

results 

in receptor variants with enhanced ET-3 and sarafotoxin 6C affinities but 
with unchanged ET-1 and ET-2 affinities. Except for Tyr-129 — >Phe hETA, 
these hETA variants have two to three orders of magnitude lower binding 
affinity for the ETA-selective antagonist BQ123. Replacement of His-150, 
the residue in hETB that is analogous in sequence to Tyr-129 of hETA, by 
either tyrosine or alanine does not affect the affinity of peptide 
ligands. These results indicate that although transmembrane domain 2 is 
important in ligand selectivity for hETA, it does not play a significant 
role in the lack of ligand selectivity shown by hETB. Chimeric 



receptors have been^^ps true ted that further support^^ese conclusions 

and 

indicate that at least two hETA regions contribute to ligand selectivity. 
Additionally, the data support an overlap in the binding site in hETA of 
agonists ET-3 and sarafotoxin 6C with that of the antagonist BQ123. 
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AB Bacteriorhodopsin (proton pump), halorhodopsin (anion pump), 

sensory rhodopsin and phoborhodopsin (photosensors) are found in 
Halobacterium salinarium (halobium) . In some other strains, other sets of 
rhodopsin pumps and sensors have been found. Here, these bacterial 
rhodopsins are classified according to their amino acid sequence 
homologies, and their host genera are assigned on the basis of 16S rRNA 
sequence comparison. Haloarcula is the host for cruxrhodopsins and a new 
genus (temporarily "Halorubra") is the host for archaerhodopsins . 
Difference in the all-trans : 13-cis ratios of retinal in two proton pumps 

( 

bacteriorhodopsin and archaerhodopsin-2 ) at equilibrium states in 
the dark was ascribed to only one amino acid residue in the retinal 
pocket. This predicted methionine-14 5 in bacteriorhodopsin was 
point-mutated to phenylalanine as in archaerhodopsin-2. The mutated 
bacteriorhodopsin (M145F) became to show the same dark-adapted 
isomer ratio that archaerhodopsin-2 shows. Chimeric proton pumps 
were made by exchanging genes of one or more helix regions of two similar 
pumps (archaerhodopsin-1 and -2) in order to know structural delicacy of 
the inter-helix space. Preliminary results show that some photochemical 
properties depend on one helix or one distinct amino acid residue on the 
helix. Such new lines initiated by our archaerhodopsins are discussed for 
studying structure and function of these unique bacterial rhodopsins. 
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Phosphate transport in mitochondria: past accomplishments, 
present problems, and future challenges. 
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AB The requirement of inorganic phosphate (Pi) for oxidative phosphorylation 
in eukaryotic cells is fulfilled through specific Pi transport systems. 
The mitochondrial proton/phosphate symporter (Pic) is a membrane-embedded 
protein which translocates Pi from the cytosol into the mitochondrial 
matrix. Pic is responsible for the very rapid transport of most of the Pi 
used in ATP synthesis. During the past five years there have been 

advances 

on several fronts. Genomic and cDNA clones for yeast, bovine, rat, and 
human Pic have been isolated and sequenced. Functional expression of 

yeast 

Pic in yeast strains deficient in Pi transport and expression in 
Escherichia coli of a chimera protein involving Pic and ATP 
synthase alpha subunit have been accomplished. Pic, in contrast to other 
members of the family of transporters involved in energy metabolism, was 
demonstrated to have a presequencev which optimizes the import of the 
precursor protein into mitochondria. Six transmembrane segments appear to 
be a structural feature shared between Pic and other mitochondrial anion 
carriers, and recent-site directed mutagenesis studies implicate 
structure-functional relationships to bacteriorhodopsin . These 
recent advances on Pic will be assessed in light of a more global 
interpretation of transport mechanism across the inner mitochondrial 
membrane . 
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AB Current models of the three-dimensional structures of muscarinic 

acetylcholine receptors and other G protein-coupled receptors are based 
primarily on high-resolution electron diffraction data obtained with 
bacteriorhodopsin, the molecular structure of which is 
characterized by the presence of seven alpha-helical transmembrane 
domains 

(TM I-VII). However, bacteriorhodopsin does not couple to G 
proteins and its primary sequence lacks a series of amino acids that are 
conserved among virtually all G protein-coupled receptors. Therefore, it 
remains to be shown experimentally whether the molecular structures of 
these functionally different proteins are in fact identical. To address 
this question, we have analyzed the pharmacological properties of a- 
series 

of hybrid human m2/m5 muscarinic receptors. Initially, we identified 
several chimeric constructs that, upon transient expression in 
COS-7 cells, were unable to bind significant amounts of the muscarinic 
antagonists N- [ 3H] methylscopolamine and [ 3H] quinuclidinyl benzilate. A 
common structural feature of these constructs was the presence of m2 
receptor sequence in TM VII and of m5 receptor sequence in TM I . The 
ligand-binding activity of these "pharmacologically inactive" hybrid 
receptors could be restored by replacing TM I (consisting of m5 receptor 
sequence) with the corresponding m2 receptor domain. These data provide 
the first direct experimental evidence that the molecular architecture of 
muscarinic receptors (and, most likely, that of other G protein-coupled 
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AB Prompted by the near infrared-absorbing properties of some of the 
azulenic 

bacteriorhodopsin (bR) analogs, we have analyzed their absorption 

characteristics along with 11 new related ring-fused analogs and 

the corresponding Schiff bases (SB) and protonated Schiff bases (PSB) 



The 



following three factors are believed to contribute to the total red shift 
of each of the pigment analogs (sigma RS) : perturbation of the basic 
chromophore (SB shift, delta SB), protonation of the SB (PSB shift, PSBS) 
and protein perturbation (the opsin shift, OS) . For each factor, effects 
of structural modifications were examined. For the red-shifted pigments, 
percent OS has been suggested as an alternate way of measuring protein 
perturbation. Computer-simulated chromophores provided evidence against 
any explanation involving altered shapes of the binding pocket as a major 
cause for absorption differences. Implications of the current bR results 
on preparation of further red-shifted bR and possible application to 
visual pigment analogs are discussed. 
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Two-dimensional crystals of halorhodopsin (HR) , in space g 
= 102 A) have been obtained using the overexpressing Halob 
halobium strain D2 . An HR membrane fraction with the same 
as purple membrane (HR-PM) was obtained by homogenizat ion 
gradient purification and used for electron cryomicroscopi 
Electron micrographs and electron diffraction patterns of 
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to 



recorded at liquid^^fzrogen temperatures. The micro^MDhs showed 
significant diffraMron out to 9 A resolution opticaHly and to 6 A after 
computer processing. By combining data from electron micrographs and 
electron diffraction patterns, a projection map of HR was calculated. The 
crystal form of the isolated HR consists of one membrane in which 
alternating halorhodopsin tetramers are oriented in opposite directions 
across the membrane. It is not known whether this occurs by misinsertion 
of some of the molecules in vivo, or by adventitious fusion at 
some point during isolation. The projected structure of the HR molecule 

a resolution of 6A is almost identical to that found for 
bacteriorhodopsin (BR) . This physical structural similarity thus 
complements the known sequence relatedness to BR. 
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Properties of bacteriorhodopsin derivatives 
constructed by insertion of an exogenous epitope into 
extra-membrane loops . 
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Bacteriorhodopsin (BR) is folded into a bundle of seven 

alpha-helices which is embedded in the cellular membrane of Halobacterium 
salinarium; these helices are connected by short extra-membrane loops, 
three on the cytoplasmic side and three on the outside. 

Oligonucleotide-directed insertion or replacement mutagenesis was used to 
integrate the C-terminal sequence (13 amino acids long) of Sendai virus 
L-protein individually into each of the six helix-connecting loops. The 
altered gene products were obtained by expression of the mutant genes in 
either Escherichia coli or Schizosaccharomyces pombe and were used to 
reconstitute BR in proteoliposomes . In four cases (altered loops B/C, 

D/E or E/F) , the mutant BRs were found to be fully functional as judged 

light-driven proton pumping and photocycle kinetics. Within the four 
functional BR variants, recognition of the viral epitope by a monoclonal 
antibody is restricted to modified loops B/C and E/F. Immunogold staining 
of S. pombe cells producing either of the two latter BR variants shows 

the protein is distributed among various cellular membranes but is not 
present in mitochondrial membranes. Sequence alteration of loop A/B or 

resulted in loss of function, most plausibly due to a folding defect of 
the respective proteins. These results on the one hand document 
differences in structural importance of the various BR extra-membrane 
loops and on the other hand open the door to the construction of 
multifunctional membrane proteins via loop replacement mutagenesis of BR. 



L8 



ANSWER 23 OF 61 MEDLINE 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 
Haren, 



93368462 MEDLINE 
93368462 PubMed ID: 8395638 

Insertion of lipids and proteins into bacterial membranes 
by fusion with liposomes. 
Driessen A J; Konings W N 

Department of Microbiology, University of Groningen, 



SOURCE: 

PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



The ^^herlands . 

METfSR IN ENZYMOLOGY, (1993) 221 394- 
Journal code: MVA; 0212271. ISSN: 0076-6879. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199309 

Entered STN: 19931015 

Last Updated on STN: 19931015 

Entered Medline: 19930930 



LB ANSWER 24 OF 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

AUTHOR: 
F; 

CORPORATE SOURCE: 
SOURCE: 

PUB. COUNTRY: 



LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



61 MEDLINE 

93276332 MEDLINE 
93276332 PubMed ID: 8503039 

Dimerization of glycophorin A transmembrane helices: 
mutagenesis and modeling. 
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Homologous overexpression of a light-driven anion pump in 
an archaebacterium. 
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The retinal protein halorhodopsin (HR) , a light-driven chloride pump from 
Halobacterium halobium, was homologously overexpressed in this 
archaebacterium. Two DNA expression systems differing in their promoter 
region were investigated. The halopsin, hop, promoter coupled to the hop 
gene gave an increased level of HR synthesis. However, the extent of 
expression was driven by the copy number of the shuttle vector and did 
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reach the magnitude of the bacterio-opsin, bop, promoter system. 
Employing 

a gene fusion approach, the promoter for the bop gene was used 
to drive expression of the hop gene. A shuttle vector containing a 
bop-hop-cartridge was transformed into a HR-deficient strain and 
blueish-coloured transf ormants were obtained. The bop promoter expressed 
HR to an extent where a specific membrane fraction resembled the 
crystalline purple membrane of BR in terms of the lipid to protein ratio. 
HR could, therefore, be easily isolated in a natural membrane-bound 
state . 
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of detergents. This 
-helical 

transmembrane protein and may be extended to other proteins of this 
family . 
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The SecA and SecY subunits of translocase are the nearest 
neighbors of a translocating preprotein, shielding it from 
phospholipids . 
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AB To study the environment of a preprotein as it crosses the plasma 
membrane 

of Escherichia coli, unique cysteinyl residues were introduced into 
proOmpA and the genes for these mutant preproteins were fused to the gene 
of dihydrofolate reductase (Dhfr) . A photoactivable, radiolabeled and 
reducible cross-linker was then attached to the unique cysteinyl residue 
of each purified protein. Partially translocated polypeptides were 
generated and arrested in their membrane transit by the folded structure 
of the dihydrofolate reductase domain. After photolysis to label their 
nearest neighbors and reduction of the disulfide bond between 
proOmpA-Dhf r 

and the cross-linker, radiolabeled cross-linker was selectively recovered 
with the SecA and SecY subunits of preprotein translocase. Strikingly, 
neither the SecE nor Band 1 subunits were cross-linked to any of the 
constructs and the membrane phospholipids were almost entirely shielded 
from cross-linking. The fact that SecY and SecA are the only membrane 
proteins cross-linked to the translocating chains suggests that they may 
form an entirely proteinaceous pathway through which secreted proteins 
pass during membrane transit. 
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coding for bacterioopsin (BO) , the apoprotein of 



bacteriorhodopsin v^^assembled from chemically synt^Mized 
oligonucleotides b^^T new method of repeated rounds ott insertion 
mutagenesis. The gene sequence was designed for convenient manipulation 



3 ot: 1 



future protein engineering experiments. In-frame fusion of bos 

to the lacZ454 gene allowed high-yield production in Escherichia coli of 

a 

beta-Gal4 54 /BO fusion protein, deposited as intracellular 

inclusion bodies. These were enriched by virtue of their insolubility in 

0.5% Triton X-100 and cleaved in aqueous suspension with IgA protease at 

a 

specific site provided at the beta-Gal454/BO boundary. Pure BO could be 
obtained from the mixture of water-insoluble cleavage products by 
selective extraction into organic solvent. The yield was in the range 
30-50 mg pure protein/1 culture medium, depending on individual 
preparation. This material could be used for reconstitution of fully 
functional bacteriorhodopsin. Taken together, the procedure . 
constitutes a practical basis for the production of genetically 
engineered 

bacteriorhodopsins . 
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Adrenergic receptors are representative of a large family of plasma 
membrane receptors that interact with G proteins during the process of 
transmembrane signal transduction. G protein-coupled receptors have a 
primary structure that is homologous to bacteriorhodopsin and 
are proposed to have a similar three-dimensional structure; however, 
has not yet been possible to examine this hypothesis experimentally, 
have used a novel mutagenesis approach to identify intramolecular 
interactions. Our results indicate that specific amino acids in the 
seventh hydrophobic segment of alpha 2 and beta 2 adrenergic receptors 

adjacent to the first hydrophobic segment. These studies provide the 

experimental evidence defining spatial relationships that exist in the 
three-dimensional structure of adrenergic receptors. 
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Bacteriorhodopsin can be refolded from two 
independently stable transmembrane helices and the 
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This paper describes experimental tests of the hypothesis that 
bacteriorhodopsin (BR) can fold by the association of 

independently stable transmembrane helices. Peptides containing the first 
and second helical segments of BR were chemically synthesized. These two 
peptides and the complementary five-helix fragment of BR were 
reconstituted in three separate populations of native-lipid vesicles 

were then mixed and fused to allow the fragments to interact. After 
addition of retinal, absorption spectroscopy of the reconstituted BR and 
X-ray diffraction of two-dimensional crystals of this material showed 

the native structure of BR was regenerated. The first two helices of BR 
can therefore be considered as independent folding domains, and covalent 
connections in the loops connecting the helices to each other and to the 
rest of the molecule are not essential for the appropriate association of 
the helices . 
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We have raised two monospecific antibodies against synthetic peptides 
derived from the membrane domain of the ER glycoprotein 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, the rate 
limiting enzyme in the cholesterol biosynthetic pathway. This domain, 
which was proposed to span the ER membrane seven times (Liscum, L., J. 
Finer-Moore, R. M. Stroud, K. L. Luskey, M. S. Brown, and J. L. 
Goldstein . 

1985. J. Biol. Chem. 2 60:522-538), plays a critical role in the regulated 
degradation of the enzyme in the ER in response to sterols. The 
antibodies 

stain the ER of cells and immunoprecipitate HMG-CoA reductase and HMGal, 
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chimeric protein composed of the membrane domain of the reductase 
fused to Escherichia coli beta-galactosidase, the degradation of which 
also accelerated by sterols. We show that the sequence Arg224 through 
Leu242 of HMG-CoA reductase (peptide G) faces the cytoplasm both in 
cultured cells and in rat liver, whereas the sequence Thr284 through 
Glu302 (peptide H) faces the lumen of the ER. This indicates that a 
sequence between peptide G and peptide H spans the membrane of the ER. 
Moreover, by epitope tagging with peptide H, we show that the loop 
segment 



IS 



connecting membran ans 3 and 4 is sequestered in lumen of the ER. 

These results demo ate that the membrane domain c^BilV3G-CoA reductase 
spans the ER eight times and are inconsistent with the seven membrane 
spans topological model. The approximate boundaries of the proposed 
additional transmembrane segment are between Lys248 and Asp276. 
Replacement of this 7th span in HMGal with the first transmembrane helix 
of bacteriorhodopsin abolishes the sterol-enhanced degradation 
of the protein, indicating its role in the regulated turnover of HMG-CoA 
reductase within the endoplasmic reticulum. 
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The role of- the membrane domain in the regulated 
degradation of 3-hydroxy-3-methylglutaryl coenzyme A 
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We have constructed a series of mutations in the membrane and linker 
domains of Syrian hamster 3-hydroxy-3-methylglutaryl- (HMG) CoA reductase 
in order to determine the regions critical for the regulated degradation 
of the enzyme. In transfected Chinese hamster ovary cells, we have 
expressed a fusion protein, HMGal, which consists of the 

membrane and linker domains of the Syrian hamster HMG-CoA reductase fused 
to beta-galactosidase . Using this fusion protein, we have 
determined that a deletion of 64 amino acids from the central region of 
the membrane domain causes the protein to be degraded extremely rapidly. 
In addition, deletion of PEST sequences has little effect on degradation, 
but deletion of the linker domain makes the protein's degradation 
insensitive to sterols and mevalonate. In addition to deletion mutations, 
we have systematically replaced each hydrophobic, putative membrane 
spanning region of the membrane domain with the first transmembrane 
sequence from bacteriorhodopsin. Replacement of span 4 has no 
effect on degradation. Replacements of spans 5 or 6 result in a protein 
which has a normal basal rate of degradation, but this rate of 
degradation 

is not accelerated by mevalonate, low density lipoprotein, or 
25-hydroxycholesterol . Replacement of span 3 results in a protein whose 
degradation is similarly not accelerated by sterols or mevalonate, but 
since this protein might be mislocalized, these results are inconclusive. 
Replacement of span 7 yields a short-lived protein which is degraded more 
rapidly in response to mevalonate but not in response to exogenous 
sterols. Replacement of span 8 extends both the basal and 

mevalonate-accelerated half-life about 5-fold. This work begins to define 
the critical regions for regulated degradation within the membrane domain 
of HMG-CoA reductase. 
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Bacterioopsin, expressed in Escherichia coli as a fusion protein 
with 13 heterologous residues at the amino terminus, has been purified in 
the presence of detergents and retinylated to give 
bacteriorhodopsin. Further purification yielded pure 
bacteriorhodopsin, which had an absorbance ratio (A280/A lambda 
max) of 1.5 in the dark-adapted state in a single-detergent environment. 
This protein has a folding rate, absorbance spectrum, and light-induced 
proton pumping activity identical with those of bacteriorhodopsin 
purified from Halobacterium haiobium. Protein expressed from the mutants 
D85N, D96N, and R82Q and purified similarly yielded pure protein with 
absorbance ratios of 1.5. Proton pumping rates of bacteriorhodopsins with 
the wild-type sequence and variants D85N, D96N, and R82Q were determined 
in phospholipid vesicles as a function of pH. D85N was inactive at all pH 
values, whereas D96N was inactive from pH 7.0 to pH 8.0, where wild type 
is most active, but had some activity at low pH . R82Q showed diminished 
proton pumping with the same pH dependence as for wild type. 
Bacteriorhodopsin purified from E. coli crystallized in two types 
of two-dimensional crystal lattices suitable for low-dose electron 
diffraction, which permit detailed analysis of structural differences in 
site-directed variants. One lattice was trigonal, as in purple membrane, 
and showed a high-resolution electron diffraction pattern from 
glucose-sustained patches. The other lattice was previously 
uncharacterized with unit cell dimensions a = 127 A, b = 67 A, and 
symmetry of the orthorhombic plane group pgg. 
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The integral membrane protein bacterioopsin, found in the extremely 
halophilic archaebacterium Halobacterium haiobium, was expressed in 
Escherichia coli as a fusion protein containing 13 heterologous 
amino acids at the amino terminus. The expressed protein was localized 
primarily to the E. coli cytoplasmic membrane (greater than 80%) and had 
an in vivo half-life of 26 min. The amount of bacterioopsin in E. coli 
crude lysates was quantitated immunologically from Western blots and was 



mg/L; 



third 



expressed at 10-20-^jJ^d higher levels than seen pre^j^^sly (i.e., 17 

5.6% of the total protein). Three distinct forms of the protein were 
detected immunologically: two of the forms were generated by the removal 
of either one or four amino acid residues at the amino terminus; the 

i 

form remained unaltered. 
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Chloride channels mediate absorption and secretion of fluid in epithelia, 
and the regulation of these channels is now known to be defective in 
cystic fibrosis. Indanyl-oxyacetic acid 94 {IAA-94) is a high-affinity 
ligand for the chloride channel, and an affinity resin based on that 
structure was developed. Solubilized proteins from kidney and trachea 
membranes were applied to the affinity matrix, and four proteins with 
apparent molecular masses of 97, 64, 40, and 27 kilodaltons were eluted 
from the column by excess 17^-94. A potential-dependent 36C1- uptake was 
observed after reconstituting these proteins into liposomes. Three types 
of chloride channels with single-channel conductances of 26, 100, and 400 
picosiemens were observed after fusion of these liposomes with 
planar lipid bilayers. Similar types of chloride channels have been 
observed in epithelia. 
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Reconstitution of membrane proteins. Spontaneous 
incorporation of integral membrane proteins into preformed 
bilayers of pure phospholipid. 
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AB The spontaneous reconstitution of lipid-protein complexes was examined by 
mixing bacteriorhodopsin or UDP-glucuronosyltransf erase with 
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preformed, unilaineJ^^ bilayers of pure dimyristoyl^^^phatidylcholine . 
Spontaneous insertj^^of these proteins into vesicl^^Rf 
dimyristoylphosphatidylcholine was facilitated by resonicating the 
vesicles at 4 degrees C. The property of resonicated vesicles that led to 
spontaneous reconstitution could be annealed by melting the bilayers, 
which slowed down reconstitution. The overall process of reconstitution 
consisted, however, of two steps. There was an initial insertion of 
proteins into a small portion of vesicles followed by subsequent 
fusion between protein-free vesicles and vesicles containing 
lipid-protein complexes. The first step appeared to proceed rapidly in 

vesicles in a gel phase, whether or not they were resonicated or whether 
or not resonicated vesicles were annealed. The rate of the second step 



sensitive to these treatments. The membrane proteins also inserted into 
preformed vesicles in a liquid crystalline phase, but this step was 
slower 

than for vesicles in a gel phase. Fusion between protein-free 
and protein-containing vesicles in a liquid crystalline phase was 
extremely slow. The data show that the spontaneous insertion of pure 
membrane proteins into preformed vesicles can be a facile event and that 
the overall reconstitution of membrane proteins into preformed 
unilamellar 

vesicles may be simpler to achieve than has been appreciated, 
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AB The coding region of the gene for the human beta 2-adrenergic receptor 
gene was fused to the beta-galactosidase gene of the lambda gtll 
expression vector. The Y1089 Escherichia coli strain was lysogenized with 
this modified vector and transcription of the fusion gene was 
induced. Expression of this transcription unit was shown by the 
appearance 

in the bacteria of proteins of molecular weight higher than that of 
native 

beta-galactosidase, which are immunoreactive with anti-beta-galactosidase 
antibodies. Production of beta 2-adrenergic receptors was shown by the 
presence, on intact bacteria, of binding sites for catecholamine agonists 
and antagonists possessing a typical beta 2-adrenergic pharmacological 
profile. Binding and photoaf f inity labeling studies performed on intact 



E. 



coli and its membrane fractions showed that these binding sites are 
located in the inner membrane of the bacteria. Expression of 
pharmacologically active human beta 2-adrenergic receptors in E. coli 
further supports the similar transmembrane organization proposed for 
bacteriorhodopsin and eukaryotic membrane-embedded receptors 
coupled to guanine nucleotide-binding regulatory proteins. Moreover, this 
system should facilitate future analyses of the ligand-binding properties 
within this family of membrane receptors. 
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AB Possible steps in the folding of bacteriorhodopsin are revealed 

by studying the refolding and interaction of two fragments of the 
molecule 

reconstituted in lipid vesicles. (1) Two denatured 
bacteriorhodopsin fragments have been purified starting from 
chymotryptically cleaved bacteriorhodopsin. Cleaved 
bacteriorhodopsin has been renatured from a mixture of the 
fragments in Halobacterium lipids/retinal/dodecyl sulfate solution 
following removal of dodecyl sulfate by precipitation with potassium. The 
renatured molecules have the same absorption spectrum and extinction 
coefficient as native cleaved bacteriorhodopsin. They are 
integrated into small lipid vesicles as a mixture of monomers and 
aggregates. Extended lattices form during the partial dehydration process 
used to orient samples for X-ray and neutron crystallography. (2) Correct 
refolding of cleaved bacterioopsin occurs upon renaturation in the 
absence 

of retinal. Regeneration of the chromophore and reformation of the purple 
membrane lattice are observed following subsequent addition of all-trans 
retinal. (3) The two chymotryptic fragments have been reinserted 
separately into lipid vesicles and refolded in the absence of retinal. 
Circular dichroism spectra of the polypeptide backbone transitions 
indicate that they have regained a highly alpha-helical structure. The 
kinetics of chromophore regeneration following reassociation have been 
studied by absorption spectroscopy. Upon vesicle fusion, the 
refolded fragments first reassociate, then bind retinal and finally 
regenerate cleaved bacteriorhodopsin. The complex formed in the 
absence of retinal is kinetically indistinguishable from cleaved 
bacterioopsin. The refolded fragments in lipid vesicles are stable for 
months, both as separate entities and after reassociation. These 
observations provide further evidence that the native folded structure of 
bacteriorhodopsin lies at a free energy minimum. They are 
interpreted in terms of a two-stage folding mechanism for membrane 
V proteins in which stable transmembrane helices are first formed. They 
subsequently pack without major rearrangement to produce the tertiary 
structure . 
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AB Both beef heart cytochrome oxidase and bacteriorhodopsin of 

Halobacterium halobium were reconstituted into liposomes by the 
sonication-cholate dialysis method. The proteoliposomes showed the 
respiratory control ratio of 4.2, and steady-state illumination of the 
vesicles lead to the 2.7-fold stimulation of the oxidase activity in the 
absence of uncouplers. The light-stimulated state 4 respiration increased 
with light intensity, but light had no effect on the oxidase activity 

that 

had been relieved by addition of uncouplers. Proteoliposomes with the 
photosensitive oxidase activity were also obtained when cytochrome 
oxidase 

vesicles were fused with bacteriorhodopsin vesicles in 

the presence of calcium chloride, and the extent of photoactivation was 
maximally 1.4-fold. The light-induced respiratory release was observed 
even in the presence of valinomycin or nigericin, indicating that the 
oxidase activity was sensitive to both the membrane potential and the pH 
gradient. We propose as a mechanism of the respiratory control that the 
process of proton transport to the reaction center, for water formation is 
the rate limiting step for the cytochrome oxidase activity. 
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AB To express the bacterio-opsin (bop) gene in Escherichia coli, we have 

employed the inducible expression vectors pIN-II-A, -B, and -C (Nakamura, 
K., and Inouye, M. (1982) EMBO J. 1, 771-775). The vectors contain three 
cloning sites early in the E. coli lipoprotein gene (Ipp) which is 
transcribed from tandem Ipp and lac promoters. The bop gene was modified 
so as to delete the N-terminal leader sequence and then cloned into each 
of the three cloning sites to encode three different 

lipoprotein/bacterio- 

opsin fusions. Expression of the fusions was demonstrated both in vitro 
and in vivo. The fusion protein was estimated to be about 0.05% 
of the total cell protein. The cause for the low level of expression 
apparently was neither an inadequate level of mRNA nor degradation of the 
protein. However, expression of the fusions caused inhibition of the 
growth of the host to varying extents. One fusion protein was 
purified from E. coli membranes to homogeneity by immunoaf f inity 
chromatography followed by preparative gel electrophoresis. The purified 
fusion protein generated a bacteriorhodopsin-like 

chromophore on treatment with defined lipid/detergent mixtures and 
retinal. When reconstituted into vesicles, the protein pumped protons on 
illumination comparably to the reconstituted native bacterio-opsin. 
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Rightside-out membrane vesicles of Streptococcus cremoris were fused with 
proteoliposomes containing the light-driven proton pump 
bacteriorhodopsin by a low-pH fusion procedure reported 
earlier [Driessen, A.J.M., Hellingwerf, K.J. & Konings, W.N. (1985) 
Biochim. Biophys . Acta 808, 1-12]. In these fused membranes a proton 
motive force, interior positive and acid, can be generated in the light 
and this proton motive force can drive the uptake of Ca2+. Collapsing 
delta psi with a concomitant increase in delta pH stimulates Ca2+ uptake 
while dissipation of the delta pH results in a reduced rate of Ca2+ 
uptake. Also an artificially generated delta pH, interior acid, can drive 
Ca2+ uptake in S. cremoris membrane vesicles. Ca2+ uptake depends 
strongly 

on the presence of external phosphate while Ca2+-ef flux-induced proton 
flux is independent of the presence of external phosphate. Ca2+ 
accumulation is abolished by the divalent cation ionophore A23187. 
Calcium 

extrusion from intact cells is accelerated by lactose. Collapse of the 
proton motive force by the uncoupler carbonylcyanide p- 
trif luoromethoxyphenylhydrazone or inhibition of the membrane-bound 
ATPase 

by N, N' -dicyclohexylcarbodiimide strongly inhibits Ca2+ release. Further 
studies on Ca2+ efflux at different external pH values in the presence of 
either valinomycin or nigericin suggested that Ca2+ exit from intact 

cells 

is an electrogenic process. It is concluded that Ca2+ efflux in S. 
cremoris is mediated by a secondary transport system catalyzing exchange 
of calcium ions and protons. 
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of cholesterol in small unilamellar vesicles (ULV) of 
osphatidylcholine (DMPC) catalyzes fusion of the 
emperatures below the upper limit for the gel to 
nine phase transition of the DMPC. The extent to which ULV 
on the concentration of cholesterol in the vesicles and on 



temperature. Maximugj^rowth occurs at 21 degrees C. ^^iecreases as the 
temperature is lowe^BP below 21 degrees C. Growth dol^rnot occur at 
temperatures above the phase transition. In addition, the presence of 
cholesterol in ULV of DMPC catalyzes the insertion of integral membrane 
proteins into the vesicles. Thus, bacteriorhodopsin from 
Halobacterium halobrium, UDPglucuronosyltransf erase (EC 2.4.1.17) from 

liver microsomes, and cytochrome oxidase from beef heart mitochondria 
formed stable lipid-protein complexes spontaneously when added to ULV 
containing cholesterol at temperatures under which these vesicles would 
fuse. Incorporation of these proteins into the ULV of DMPC did not occur 
in the absence of cholesterol or in the presence of cholesterol when the 
temperature of the system was above that for the phase transition. It 
appears that cholesterol lowers the energy barrier for fusion of 
ULV of DMPC and for insertion of integral membrane proteins into these 
bilayers. Studies with bacteriorhodopsin suggest that the energy 
barrier for insertion of proteins into ULV containing cholesterol is 
smaller than the energy barrier for fusion of the ULV with each 
other . 
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AB We have developed a simple method for reconstituting pure, integral 

membrane proteins into phospholipid-protein vesicles. The method does not 
depend on use of detergents or sonication. It has been used successfully 
with three different types of integral membrane proteins: 
UDPglucuronosyltransf erase (EC 2.4.1.17) from pig liver microsomes, 
cytochrome oxidase (EC 1.9.3.1) from pig heart, and 
bacteriorhodopsin from Halobacterium halobium. The method depends 
on preparing unilamellar vesicles of dimyristoylphosphatidylcholine 

(DMPC) 

that contain a small amount of myristate as fusogen. Under conditions 

that 

the vesicles of DMPC have the property of fusing, all of the above 
proteins incorporated into bilayers. Two events appear to be involved in 
forming the phospholipid-protein complexes. The first is a rapid 
insertion 

of all proteins into a small percentage of total vesicles. The second is 
slower but continued fusion of the remaining 

phospholipid-protein vesicles, or proteoliposomes , with small unilamellar 
vesicles of DMPC. This latter process was inhibited by conditions under 
which vesicles of DMPC themselves would not fuse. On the basis of proton 
pumping by bacteriorhodopsin and negative staining, the vesicles 
were unilamellar and large. The data suggest that insertion of the above 
integral membrane proteins into vesicles occurred independently of 
fusion between vesicles. 
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AB A fusion between the genes for bacteriorhodopsin and 

beta-galactosidase was constructed on a multicopy plasmid, pXB/Gal 101. 
The fusion gene, containing the bacteriorhodopsin gene 

fused upstream from the beta-galactosidase gene, was under the control of 
tandem lipoprotein and lac gene promoters. When expressed in Escherichia 
coli the fusion protein retained beta-galactosidase activity. 
Mutations in the fusion gene were produced by passage of pXB/Gal 
101 through the E. coli mutator strain mut D5 . Amber mutations were then 
selected by examining the loss of the lac+ phenotype imparted by the 
fusion protein to lac- E. coli cells. Timber mutations occurring 
within the bacteriorhodopsin gene were localized by replacing 
the beta-galactosidase region of each mutant plasmid with a 
beta-galactosidase region which was known to be unmutated. Precise 
localization of the mutations was achieved first by sizing the 
prematurely 

terminated peptides produced by the mutant plasmids in in vitro coupled 
transcription-translation reactions, and secondly by DNA sequence 
analysis. Six amber mutants in the gene for bacteriorhodopsin 
were characterized in this way. One of these was a transversion mutation 
at a lysine codon; the other five were all transition mutations at 
tryptophan codons, codons 10, 12, 80, 86, and 137 of the 
bacteriorhodopsin sequence. 
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AB Various methods to incorporate bacteriorhodopsin in black lipid 

membranes are reported. Both purple membrane patches and monomeric 
bacteriorhodopsin were used as starting material. The 
incorporation of bacteriorhodopsin into planar lipid bilayers 
was achieved by the following methods, (i) Purple membrane patches were 
transferred from water to solutions of lipids in n-alkanes. Black 
membranes were formed from such organic suspensions, (ii) Lipid layers 
containing solvent and purple membranes were spread on an air/water 
interface. These layers were used to form planar bilayers. (iii) Vesicles 
containing purple membranes or monomeric bacteriorhodopsin were 
spread on an air/water interface and, from the resulting layer, bilayers 
were formed. On illumination, steady-state photocurrents were observed in 
all three cases, indicating that these methods lead to functional 
transmembranous integration of the protein in the planar black lipid 
membrane. The influence of an applied electric field on the pumping 
process was studied on membranes formed by using method i. At 



approximately 200 ij^^the photocurrent tends to zerc^^ur the more, it was 
possible to make pSirar lipid bilayers photoelectricity active by adding 
vesicles containing monomeric bacteriorhodopsin to the bathing 
solution. Because, in this case, only transient photocurrents were 
observed, it can be concluded that the vesicles are attached to but not 
fused with the black lipid membrane. 
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We have prepared site-specific immunological reagents to study the 
orientation and surface topography of the integral membrane protein 
bacteriorhodopsin. Monoclonal and polyclonal antibodies with 
strong affinity for antigenic determinants on proteolytic and cyanogen 
bromide fragments of bacteriorhodopsin have been isolated and 
characterized. Three distinct antibody binding sites have been identified 
on the cytoplasmic surface of bacteriorhodopsin. The first due 
is readily accessible in native bacteriorhodopsin and lies close 
to the COOH terminus. This binding site is lost when only three amino 
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residues are removed from the COOH terminus. The second site, which is 
also near the COOH terminus, is located approximately within the 17 COOH 
terminal amino acid residues. The third site is in the fragment that 
comprises Tyr-83 to Met-118 and is probably contained in the short loop 
connecting the third and fourth helices. The use of COOH 
terminus- specific 

antibodies in determination of the orientation of 

bacteriorhodopsin molecules in the Halobacterium halobium membrane 
confirms the earlier conclusion that the COOH terminus is on the 
cytoplasmic side. 
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Bacteriorhodopsin vesicles were associated with 

cellulose-nitrate filters impregnated with a solution of phospholipids in 
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hexadecane. The ger^|ktion of (photo) potentials upon^fc^lumination of the 
filter was studied ^^t he absence and presence of ic^^hores, 

phospholipase A2, EDTA or polyene antibiotics. From these experiments the 
following conclusions are drawn. 1. Upon illumination of the filter, 
bacteriorhodopsin pumps protons into aqueous compartments located 
in the filter. 2. These aqueous compartments possibly do not originate 
from the compartments enclosed by the bacteriorhodopsin 

vesicles. Evidence is obtained that aqueous compartments are present in 
the surface layers of the lipid-impregnated filters. 3. The results are 
explained most easily by a mechanism, whereby fusion occurs 
between the vesicles and the lipids of the filter. 
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We have measured the light-induced short-circuit current generated by a 
planar membrane containing bacteriorhodopsin incorporated by 
vesicle fusion. The experimental results are consistent with an 
equivalent electrical circuit analogue that assumes that the vesicles 
remain intact after fusion and that the current generator 
equivalent of the light-driven proton pump is linearly dependent on bias 
voltage. The transient response to light of the planar membrane has also 
been examined. Slow response times are seen to be associated with the 
capacitive charging and discharging of the fused vesicles. A study of the 
leading edge of the light response curve of the planar membrane yields 
information about the transient response of the light-driven proton pump. 
We propose that the translocation of protons across the membrane is 
associated with a first-order process characterized by a rate constant 
lambda . 
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Bacteriorhodopsin (BR) was incorporated in solid supported lipid 
bilayers by fusion of reverse phase vesicles on chemisorbed 
monolayers of 1 , 2-dimyristoyl-sn-glycero-3-phosphothioethanol (DMPTE) on 
gold substrates. The passive electrical behavior of the artificial 
membranes was monitored by impedance spectroscopy in order to determine 
both the membrane resistances and capacitances and to guarantee 
reproducibility of the bilayer formation. Illumination of the BR 
containing solid supported lipid bilayers resulted in a transient 
photocurrent as expected from earlier experiments with black lipid 
membranes. The present preparation technique however is advantageous 
because of its long term stability up to 1 day without loss of BR 
activity 
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and its easy handl^^. We investigated the dependen^Bbf the photocurrent 
on the BR content , ^l^id environment, pH, and a pro^^ carrier using a 
coimnon current amplifier. Maximum current densities were obtained in the 
presence of negatively charged lipids like 1 , 2-dimyristoyl-sn-glycero-3- 
phosphatidic acid (DMPA) or l-palmitoyl-2-sn-glycero-3-phosphoglycerol 
(POPG) at a pH of 6.4. Moreover it could be shown that the pump activity 
of reconstituted BR is insignificantly influenced by the capacitance of 
the first self -assembled DMPTE-monolayer on the gold electrodes. This may 
be explained by an incomplete fusion of BR containing vesicles 
on the hydrophobic surface. Carbonylcyanid-4-trif luoromethoxy- 
phenylhydrazone (FCCP) , a membrane soluble proton translocator, 
increases 

the membrane conductance as well as the capacitance of the lipid bilayer 
that was derived either from impedance spectroscopy or evaluation of the 
time constants of the transient photocurrents . 
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AB Peribacteroid membrane vesicles from pea (Pisum sativum) root nodules 
were ' 

isolated from membrane-enclosed bacteroids by an osmotic shock. The 
ATPase 

activity associated with this membrane preparation was characterized, and 
its electrogenic properties were determined. The pH gradient was measured 
as a change of the fluorescence intensity of 9-amino-6-chloro-2- 
methoxyacridine and the membrane potential as a shift of absorbance of 
bis- (3-propyl-5-oxoisoxazol-4-yl)pentamethine oxonol . it was demonstrated 
that the ATPase generates a pH gradient as well as a membrane potential 
across the peribacteroid membrane. The reversibility of the ATPase was 
demonstrated by a light-dependent ATP synthesis by peribacteroid membrane 
vesicles fused with bacteriorhodopsin-phospholipid 

vesicles. The light-driven ATP synthesis by the peribacteroid membrane 
ATPase was completely inhibited by a proton-conducting ionophore. The 
proton-pumping activity of the peribacteroid membrane ATPase could also 

be 

demonstrated with peribacteroid membrane-enclosed bacteroids, and effects 
on nitrogenase activity were established. At pH values below 7.5, an 
active peribacteroid membrane ATPase inhibited the nitrogenase activity 



peribacteroid membrane-enclosed bacteroids. At pH values above 8, at 



of 

which 

whole cell nitrogenase activity was inhibited, the proton-pumping 
activity 

of the peribacteroid membrane ATPase could partially reverse the pH 
inhibition. Vanadate, an inhibitor of plasma membrane and peribacteroid 
membrane ATPases, stimulated nodular nitrogenase activity. It will be 
proposed that the proton-pumping activity of the peribacteroid membrane 
ATPase in situ is a possible regulator of nodular nitrogenase activity. 
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A C-terminal truncation results in high-level expression 

the functional photoreceptor sensory rhodopsin I in the 
archaeon Halobacterium salinarium. 
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Expression of the gene encoding the halobacterial photoreceptor sensory 
rhodopsin I (SRI), sopl, was studied by means of homologous gene 
targeting. A sopl- Halobacterium salinarium mutant strain was constructed 
by homologous replacement of sopl with a novobiocin-resistant gyrB from 
Haloferax Aa 2.2. Cells bearing gyrB were resistant to novobiocin, 
indicating that the Haloferax gene is functional in H. salinarium. 
Complementation of this deletion strain with sopl fused to the 
bacterio-opsin promoter resulted in the recovery of all phenotypical 
attributes of SRI. This establishes the first direct correlation between 
sopl and the function of its gene product. In the complemented deletion 
strain, functional expression of sopl occurred from the bop locus, where 
sopl had integrated by homologous recombination. This shows that 
cotranscription of sopl and the gene encoding the SRI signal transducer, 
htrl, which is found in the wild type, is not a prerequisite for 
photosensory activity. Deletion of the last 43 bp at the 3' end of sopl 
resulted in a 10-fold increase in the amount of SRI, without affecting 

activity of the pigment. The mRNA level of the truncated gene was not 
affected as compared to that of the wild type. We propose that regulation 
occurs at the protein level, probably through a negative determinant of 
protein stability located in the C-terminus of SRI. Replacement of the 
last 28 amino acids of bacteriorhodopsin by the last 29 amino 
acids of SRI results in a decrease of the bacteriorhodopsin, 
supporting our observations. The C-terminus of SRI is the first domain 
with a downregulating influence on protein levels thus far identified in 
H. salinarium. The system for SRI overexpression we present here greatly 
facilitates biochemical and biophysical studies on the photoreceptor and 
allows investigation of the molecular interactions underlying the signal 
transduction chain of halobacterial phototaxis. 
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This paper describes experimental tests of the hypothesis that 
bacteriorhodopsin (BR) can fold by the association of 

independently stable transmembrane helices. Peptides containing the first 
and second helical segments of BR were chemically synthesized. These two 
peptides and the complementary five-helix fragment of BR were 
reconstituted in three separate populations of native-lipid vesicles 

were then mixed and fused to allow the fragments to interact. 
After addition of retinal, absorption spectroscopy of the reconstituted 
BR and X-ray diffraction of two-dimensional crystals of this material 
showed that the native structure of BR was regenerated. The first two 
helices of BR can therefore be considered as independent folding domains, 
and covalent connections in the loops connecting the helices to each 

and to the rest of the molecule are not essential for the appropriate 
association of the helices. 
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FUSION OF BACTERIORHODOPSIN WITH 

SUBMITOCHONDRIAL PARTICLES YIELDS A NEW SYSTEM WITH 
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Submitochondrial particles were fused with purple membranes of 
Halobacterium halobium cells by means of a freeze-thaw sonication 
procedure. It is reported that fusion of inner mitochondrial 
membranes with a bacterial membrane yields a new particle which shows not 
only retention of redox- and photon-linked energy-coupling activities, 

also creation of an additional energy-coupling process, light-driven ATP 
synthesis . 
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The light-driven primary proton pump bacteriorhosopsin was incorporated 

the cytoplasmic membrane of S. cremoris, in order to generate a 
protonmotive force across these membranes. This was achieved by 
fusion of S. cremoris membrane vesicles with 
bacteriorhodopsin proteoliposomes . This fusion occurred 

when both preparations were mixed at low pH (< 6.0), as shown by sucrose 
density gradient centrif ugation and by dilution of fluorescent 
phospholipids incorporated into the bacteriorhodopsin 
proteoliposomes. Fusion was strongly enhanced by the presence of 



negatively charge<^^ospholipids in the liposomal l^^yer. When 
proteoliposomes w^^used that showed light-depende^r proton uptake, 
orientation of bacteriorhodopsin in the fused membranes was 
inside-out with respect to the in vivo orientation in Halobacterium 
halobium. In the light a transmembrane electrical potential, interior 
positive and a . DELTA. pH, interior acid were generated. This protonmotive 
force could drive Ca uptake in the fused membranes. The uptake increased 
hyperbolically with increasing light intensity and was abolished by 
bleaching of bacteriorhodopsin. Addition of the ionophore 

valinomycin stimulated Ca uptake and led to an increase of the . DELTA. pH. 
Ca uptake was strongly decreased in the dark and in the light in the 
presence of uncouplers, nigericin or both valinomycin and nigericin. 
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This updated volume provides current works in the field of biomembrane 
research. The book is comprised of 11 chapters. Chapter 1 discusses the 
concept of biomembrane fluidity. The topic of how biomembranes may be 
stabilized while experiencing dehydration is discussed in chapter 2. The 
triggering processes and membrane structures are indicated in chapter 3. 
Rhodopsin's role in visual transduction, bacteriorhodopsin 
topography in purple membrane, and the function of the acetylcholine 
receptor structure is assessed in chapters 4, 5 and 6, respectively. 
Chapter 7 examines two methods for researching fast trigger processes and 
chapter 8 covers conformation changes in membrane proteins. Chapters 9 

10 deal with calcium and cellular activation and the ordered water model 
of membrane ion channels. The new technique of electric field induced 
fusion of cell biomembranes is described in the final chapter. 
This treatise is supplied with graphs, photomicrographs, figures, 
references, and author and subject indices. 
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Two monoclonal antibodies designated as rhodopsin (rho) 1D4 and rho 4A2 
were obtained from hybridoma cells cloned after the fusion of 
mouse myeloma cells with spleen cells of a mouse immunized with bleached 
bovine rod outer segment disk membranes. These antibodies were specific 
for rhodopsin as determined by radioimmune labeling of bovine rod outer 
segment disk membrane proteins electrophoretically transferred from 
sodium 

dodecyl sulfate gels to CNBr [cyanogen bromide] -activated paper. Limited 
proteolytic digestion of rhodopsin in sealed disk membranes in 
conjunction 



1D4 



with radioimmune o^^ys indicated that the rho 1D4 ^^ibody bound to the 
carboxyl-terminal ^^ment of rhodopsin on the cytoplasmic side of disk 
membranes, whereas the rho 4A2 antibody bound to a determinant along the 
amino-terminal third of the rhodopsin polypeptide chain. Binding of the 
rho 4A2 antibody was sensitive to solubilization and photobleaching of 
rhodopsin. The rho 4A2 antibody did not bind to rhodopsin in sealed 
membrane disks but did bind to detergent-solubilized rhodopsin. 
Detergent-solubilized bleached rhodopsin was 13 times more antigenic than 
unbleached rhodopsin. Rhodopsin solubilized in Triton X-100 was more 
antigenic than rhodopsin solubilized in chelate. Apparently, the 4A2 
antibody serves as a sensitive immunological probe for structural changes 
of rhodopsin caused by solubilization and photobleaching. Both the rho 

and 4A2 antibodies were also found to cross-react with frog rhodopsin but 
not H. halobium bacteriorhodopsin . The rho 4A2 antibody bound to 
the 3 forms of frog rhodopsin resolved by sodium dodecyl sulfate gel 
electrophoresis; rho 1D4 bound to only the 2 higher MW frog rhodopsins. 
Lectin inhibition studies using 1251-labeled succinyl-Con A [concanavalin 
A] and antibody inhibition showed freshly prepared bovine disks were 
sealed with the lectin binding sites oriented toward the inside of the 
disk; frozen-thawed disks were predominantly unsealed with both membrane 
surfaces exposed. Frog disk membrane vesicles were shown to have the same 
orientation. 
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AB Purple membrane fragments (PM) from H. halobium were incorporated into 
lipid membranes either directly or via liposomes. A photoresponse was 
detected when liposomes containing PM were fused with lipid 
membranes. Low-resistance membranes or membranes shunted with an external 
resistor of 109 ohms showed decay of the initial light response to some 
equilibrium value in the light in both presence and absence of 
octadecylamine. The light response could be abolished by the addition of 

a 

sufficient amount of triethylamine to either side of the membrane. The 
photovoltage action spectra of bilayer lipid membranes containing PM 
either directly or via liposomes were measured, and they followed the 
absorption spectrum of bacteriorhodopsin. Liposomes containing 
bacteriorhodopsin (BR) in PM extract of H. halobium were 
fused to 1 side of planar lipid membranes. The photopotential 
resulting from flash excitation rose and fell as the sum of 3 
exponentials 

with time constants for the leading edge of 30 .+-. 10 .mu.s and 35 .+-. 
10 ms. The decay time constant of the photopotential was 840 ms, a value 
consistent with the membrane time constant given by the membrane dark 
resistance and capacitance. 
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